Abstract The effect of dantrolene sodium, 1-[5-(p-nitrophenyl)furfurylideneamino] hydantoin sodium hydrate, on electrical and mechanical response in frog skeletal muscles (whole muscles or single fibers) and on the biochemical properties of contractile proteins and fragmented sarcoplasmic reticulum isolated from frog or rabbit skeletal muscle was investigated. The peak tensions of twitch, tetanus and potassium contracture were significantly inhibited by dantrolene, without affecting the magnitude of resting potential, the amplitude and duration of action potential and the negative afterpotential. On the other hand, ATPinduced shortening of glycerol-extracted rabbit psoas muscle fibers, ATPase activity of frog myofibrils and Ca release induced by caffeine, Ca uptake and ATPase activity of fragmented sarcoplasmic reticulum of frog or rabbit muscle were not affected by dantrolene. Caffeine contracture was partially inhibited by dantrolene and was almost unchanged by it in potassium-depolarized muscle fiber. Nitrate ions and low concentration of caffeine rapidly recovered the twitch inhibition induced by dantrolene. These results suggested that dantrolene acts on the membrane of transverse tubules and possibly the triadic junction and that it inhibits the inward movement of Ca and subsequently decreases the release of activator Ca from sarcoplasmic reticulum.
In this paper, we also studied the site of action of dantrolene in detail using single muscle fibers as well as whole muscle. Evidence is presented to show that dantrolene acts on the membrane of transverse tubules including the junctions between these tubules and terminal cisternae in triads, which are essential for the excitation-contraction coupling in skeletal muscle, and the mechanism of the action of dantrolene is discussed.
Partial reports on this work were presented at the 54th Meeting of the Physiological Society of Hokkaido (Takauji et al., 1974) , and at the 52nd General Meeting of the Physiological Society of Japan (Takauji et al., 1975 We measured the effect of dantrolene on the activities of fragmented sarcoplasmic reticulum (SR) isolated from frog or rabbit skeletal muscle. Dantrolene had no effect on the 45 Ca release induced by 10mm caffeine (Fig. 8) another well-known activity of SR, of frog and rabbit fragmented SR were not also affected by dantrolene (Figs. 8, 9 , and 10). Each of experimental results described above is a representative result of several such experiments.
DISCUSSION
Confirming the data of CARPENTER (1972) and PUTNEY and BI-ANCHI (1974) , our results demonstrated that dantrolene depresses twitch , tetanus and potassium contracture with respective degree of inhibition (see RESULTS, Fig. 2 ). Since resting and action potentials (also negative afterpotential) (Fig . 1 ) and the amplitude of depolarization caused by increasing the external concentration of K+ ions are not significantly affected by dantrolene, it appears that the inhibition of these mechanical responses by dantrolene is not ascribed to a mere change of these membrane potentials. Caffeine was able to cause contracture (Figs. 3 and 4) , at the same concentration of dantrolene that strongly inhibited twitch tension (Fig. 5) . Furthermore, it appears that dantrolene does not directly act on the sarcoplasmic reticulum and the contractile proteins, because dantrolene had no significant effect on the Ca release induced by caffeine, Ca uptake and basic and extra ATPase activities of fragmented sarcoplasmic reticulum , and ATP-induced shortening of glycerol-extracted muscle fibers (Fig . 6 ) and ATPase activity of myofibrils were not influenced by dantrolene (Fig. 7) . From these results, it is concluded that dantrolene acts on the excitation-contraction coupling process in frog skeletal muscle.
As shown in Fig. 1 and mentioned above, dantrolene did not influence the resting and action potentials, the negative afterpotential and the amplitude of depolarization caused by a high concentration of K+ions.
On the other hand, however, we found that a series of twitches of single fibers was extremely rapidly (within 5sec) depressed by addition of dantrolene (Fig. 5A ) and the dantrolenedepressed twitch tension was restored to almost control level more rapidly (within 5sec) when dantrolene-Ringer solution was replaced by Ringer solution containing NO3-ions or caffeine in subthreshold concentration than when it was replaced by normal Ringer (Fig. 5B, C, and D) . Since the action of NO3-ions and subthreshold concentration of caffeine upon twitches of frog single fibers occurred rapidly (within 1-3sec) (HODGKIN and HOROWICZ, 1960; LUTTGAU and OETLIKER, 1968) , our findings suggest that dantrolene acts on more superficial sites in excitation-contraction coupling process, probably on the tubular membranes and triadic junction.
It has been reported that 45Ca influx increases relating to twitch and potassium depolarization (BIANCHI, 1968) . More recently, OOTA and NAGAI (1974) 
